The effect of land use on soil organic carbon (SOC) stocks and depth distribution of SOC was investigated in the Lake Victoria Crescent agro-ecological zone of Uganda. Soil samples were collected from six land use types at 0-30, 30-60 and 60-90 cm from profile pits dug in similar soils and slopes. Results indicated that SOC stocks significantly differed across the various land use systems. SOC also varied significantly by depth. The highest SOC and pH were recorded under natural forest-strict nature. Grassland had the lowest SOC but the highest bulk density (BD). Phosphorous (P) was the highest in banana-coffee systems and the lowest under tea plantations. The lowest values of pH and BD were found in highly disturbed natural forest. The upper layers of the soil (0-30 cm) stored higher amounts of SOC compared to other depths (30-60 cm and 60-90 cm). Land use therefore has a significant effect on SOC and other soil physical and chemical properties.
Introduction
 Atmospheric greenhouse gases (GHGs), such as carbon dioxide (CO 2 ), methane and halocarbons, are the primary contributors to global warming [1] [2] [3] [4] . CO 2 is the largest emitted GHG in the world today, mainly due to fossil fuel based energy industries and deforestation [5] . Land use changes and forest management activities are among the net sources of CO 2 gas to the atmosphere [6] . Deforestation in the tropics alone accounts for about 20% of total GHGs emissions [7] . Agricultural activities and management practices are also an important anthropogenic driver of GHG emissions [8] .
Removing atmospheric carbon and storing it in the terrestrial biosphere is one of the options that have been proposed to compensate for GHG emissions [9] . Other options for mitigation include avoiding emissions, conserving existing carbon pools on land and expanding C storage in forest ecosystems [6] . Mutuo et al. [10] suggest that there is a need for developing sustainable agricultural systems to Corresponding author: David Akodi, M.Sc., research field: soil science. maintain and improve soil organic carbon (SOC) content while mitigating land degradation and GHG emissions. Agricultural lands are also believed to be a major potential sink, and could absorb large quantities of carbon if trees and crop plantations are introduced to these systems and judiciously managed [11] .
Despite the importance of forest ecosystems and plantation agriculture to carbon sequestration, little is known about amount of carbon sequestered under these land use types and SOC dynamics in the tropics [12, 13] . Few studies conducted in the East African region have concentrated on the potential of the different land use systems to sequester carbon [11, [14] [15] [16] , and as such, the question of how land use/land cover change and diversity influence SOC stocks and depth distribution of SOC remains unclear and yet most of the plantations in Uganda have expropriated large areas originally occupied by forests and are continuing to expand.
This study therefore was established to compare the amount of carbon sequestered by the natural forest as well as the neighboring tea estate, sugarcane plantation, plantation forests and annual cropped lands to 90 cm depth in the Lake Victoria Crescent D DAVID PUBLISHING
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Materials and Methods

Description of the Study Site
The study was carried out in Mabira Forest and the surrounding agro-ecosystems. Mabira Forest lies in the counties of Buikwe and Nakifuma in Mukono and Buikwe districts. It is situated between 32°52′-33°07′ E and 0°24′-0°35′ N and found 54 km East of Kampala and 26 km West of Jinja (Fig. 1) . At an average elevation of 1,200 m above sea level, the temperature is fairly consistent throughout the year, with average daytime and nighttime temperatures of 26 °C and 16 °C, respectively. The region has two rainy seasons, the first occurring in March to May and the second occurring in September to November with an average monthly rainfall of 149 mm and 132 mm, respectively. The vegetation is medium altitude moist semi-deciduous forest. The soil types in the reserve and the surrounding areas can be summarized as ferrallitic sandy clay loams with dark clays in the valleys.
Soil Sampling
A total of 42 composite soil samples were randomly collected from three pre-established points across each of six land use systems at three depths (0-30, 30-60 and 60-90 cm). The points were generated using ArcGIS10.1, and the soil samples were collected from these points using a hand held GPS. The six land use systems covered in the research were: (1) cultivated land under rain-fed banana-coffee system; (2) grassland with communal grazing areas; (3) natural forest-buffer, highly disturbed and strict nature zones; (4) plantation forest under pine trees (Pinus caribaea var. hondorensis) for more than 10 years; (5) sugar cane plantation; (6) tea plantation for more than 50 years. 
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Undisturbed core samples were collected from the above mentioned depths using a core sampler to determine bulk density (BD). Additionally, the disturbed composite soil samples were collected from the different land use systems for both physical and chemical analysis.
Laboratory Analysis
Soil pH was measured potentiometrically in a 2.5:1
water to soil suspension, using a combined glass electrode pH meter. BD was determined as a ratio of oven-dry soil to its volume [17] . SOC was determined using the wet oxidation method [18] and available P by Olsen method [19] . 
Statistical Analysis
Results
SOC and Other Soil Properties under Different Land Use Systems
Analysis revealed that mean SOC was significantly different (P < 0.05) across the land use systems natural forest-strict nature, natural forest-buffer zone, sugarcane plantation and grassland. However, there was no significant difference (P > 0.05) in mean SOC across banana-coffee, tea plantation and sugarcane plantation. SOC under highly disturbed natural forest and pine plantation were not significantly different. SOC was the highest in natural forest-strict nature zone (147,000 kg/ha) and the lowest in grassland (65,000 kg/ha).
Mean P, pH and BD were significantly different (P < 0.05) across all the land use systems. On average, P was the highest under banana-coffee system (6.0 mg/kg) and the lowest in tea plantations (0.4 mg/kg). Grasslands on average had the highest value of BD (1.7 g/cm 3 ), while highly disturbed natural forest had the lowest (1.4 g/cm 3 ). On average, the highest and the lowest pH values were recorded under strict nature reserves (5.8) and highly disturbed natural forest (4.67), respectively, as shown in Table 1 .
Vertical Distribution of SOC
SOC decreased with increase in depth. There was a Table 2 and Fig. 2 .
Mean P and BD differed significantly down the soil profile (P < 0.05). There was no significant difference in P and BD at 30-60 cm and 60-90 cm depth. Soil pH values at different depths were inseparable. Amounts of P decreased down the soil profile. The highest amount of P was found in the upper most soil layer (6.5 mg/kg). BD increased with increase in depth. Soils in the bottom (60-90 cm) layer had higher BD (1.6 g/cm 3 ) than soils in the upper and middle layers as indicated in Table 2 .
Depth Distribution of SOC by Different Land Use Systems
There was a decrease in mean SOC down the soil profile across all the land use systems, except for banana-coffee system which had the highest amount of SOC in the 30-60 cm depth as shown in Fig. 2 .
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Relationship between SOC (%) and Each of P, BD and pH
SOC was related positively to P but negatively to BD, and no clear pattern was observed between SOC and pH. There was a weak positive statistically significant relationship between SOC and P (P < 0.05). There was a fairly strong (moderate), negative, statistically significant relationship between SOC and BD (P < 0.05). The amount of SOC was found to decline with an increase in BD. There was no evidence of a significant relationship between SOC and pH (P > 0.05) as shown in Fig. 3 and Table 3 . determining SOC for the upper soil layer, while for deeper layers, clay content becomes increasingly influential. The study is in agreement with results obtained from studies conducted in Uganda, USA and Germany, where a decrease in SOC was showed down the soil profile [14, [22] [23] [24] . The highest value of BD of 1.7 g/cm 3 was recorded under grassland, whereas the lowest value of 1.4 g/cm 3 was recorded under highly disturbed natural forest. This could be attributed to levels of organic matter under the different land use systems and the depth distribution of organic matter, respectively. There were more organic matter in the natural forest ecosystems and the upper layers of soil, which led to better soil structure and hence more porosity. BD increased with increase in depth.
Discussion
The highest pH value of 5.8 was found in surface soils under natural forest-strict nature reserves, and the lowest value of 4.67 was recorded under highly disturbed natural forest. Generally, soil pH values also increased with depth. Soil pH values ranged from 5.8 to 4.67, indicating moderately acidic soil conditions under all the land use types. This could be associated with the enhanced leaching of basic cations as well as release of organic acids during mineralization of organic matter. P was the highest under banana-coffee system (6.0 mg/kg) and the lowest under tea plantation (0.4 mg/kg). P amounts also decreased with increase in depth. The high amounts of P could be due to application of P fertilizers, animal manures and decomposition of crop residues. Higher concentration of available P could also be attributed to higher organic matter content which releases P during mineralization. The decrease of P down the soil profile could be due to the increased clay and reduced organic matter content.
Conclusions and Recommendation
In this study, the current state of SOC under different land use systems was assessed. Results showed that SOC varied significantly by different land use systems. The highest SOC was recorded under natural forest-strict nature reserve and the lowest values under grassland. Both SOC and P were more in the upper layers of soil than the deeper layers. The study also revealed that P and BD were higher under banana-coffee system and grassland, respectively. Results of the study therefore offer important directions to follow up research aiming at quantifying the impacts of land use change on SOC and its dynamics. Results from such studies are needed to feed into environmental monitoring plans.
Transparent policies, adequate land use planning and strong policy enforcement should be put in place to conserve natural forest. Further research is needed to quantify the impacts of changes in land use on SOC.
